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(54) HEAT EXCHANGING METALLIC PIPE AND ADSORPTION TYPE HEAT 
(57)Abstract 

PURPOSE: To provide an adsorption type heat pump capable of 
performing an adsorption and desorption of adsorptive material in an 
adsorptive tower within a short period of time. 

CONSTITUTION: A heat exchanging metallic pipe 11 has a central hole 
13 where heat exchanging fluid can flow through it and a fixed layer 15 
in which an adsorptive material 14 is fixed to an outer circumferential 
surface. The fixed layer 15 is formed by crushing silicagel acting as 
adsorptive material 14 into 42 meshes, mixing them with binder of vinyl 
acetate, adhering the mixed material to an outer circumferential 
surface of a copper tube 1 7 and sintering it at 1 10* C for 6 hours. A 
plurality of heat exchanging metallic pipes 1 1 are arranged at an 
adsorptive tower of an adsorptive type heat pump in such a manner 
that a space where water acting as working fluid can flow is left there, 
thereby after there occurs a temperature variation through adsorption 
or desorption of the adsorptive material, a heat exchanging operation 
is efficiently carried out, the working fluid is uniformly dispersed within 
the adsorptive tower and no substantial deflection may occur in a 
distribution of an amount of adsorption. With such an arrangement as 
above, as compared with the prior art adsorptive type heat pump, a 
time required for one cycle is shortened. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2, **** shows the word which can not b© translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A metal tube for heat exchange characterized by comprising the following. 
A feed hole where heat exchanging fluid can circulate. 

A fixed zone by which adsorption material was fixed in layers to a peripheral face. 

[Claim 2]An adsorption tower which has the adsorption material which generates heat and desorbs said working fluid by 
carrying out an endothermic by adsorbing a working fluid. 
An evaporator connected with said adsorption tower, 
A condenser connected with said adsorption tower. 

It was the adsorption equation heat pump provided with the above, and as it left space where said working fluid can 
circulate to said adsorption tower, two or more metal tubes for heat exchange according to claim 1 have been arranged 
in it 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely* 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]the heat exchange this invention excelled [ heat exchange ] in heat exchanging efficiency — 
public funds — a group pipe and its heat exchange — public funds — it is related with the adsorption equation heat 
pump using a group pipe. 
[0002] 

[Description of the Prior Artjln recent years, exhaust heat of various temperature levels is discharged in large 
quantities from various industrial processes. Although effective thermal energy 100 ** or (ess occupies 3/4 or more 
of the total exhaust heat ] especially, the actual condition is discarded while the most has not been used The 
adsorption equation heat pump which uses generation of heat and the endothermic accompanying adsorption and 
desorption as one of the art which changes such low temperature exhaust heat into thermal energy with an expensive 
qualitative level is known. Since adsorption equation heat pump is provided with the feature hung up over below, useful 
** of it is carried out 

** The ability degradation due to the fall of heat source temperature or a discharge is small, 
** It can be operated also in a low-temperature heat source 100 ** or less. 
** There are accumulation and the cold energy effect 

** The adsorption material to be used has high safety and there is no corrosiveness. 
** Theoretically, don't need mechanical power, 

[0003]The conventional adsorption equation heat pump chose a working fluid and adsorption material suitably, and the 
thing provided with the adsorption tower which has an evaporator, a condenser, and adsorption material was known. As 
for the adsorption tower, since powder or the shape of a grain was used abundantly as this adsorption material, it was 
in use to have formed with what is called a restoration method of being filled up with adsorption material with sufficient 
breathability. 

[Q004l Drawing 10 and drawing 1 1 explain the principle of adsorption equation heat pump. The evaporator 113 and the 
adsorption tower 111 are first connected for the adsorption equation heat pump 1 1 0 of drawing 10 bv the valve 1 1 7, 
and it is made to adsorb in cooling mode until it evaporates the working fluid 119 and reaches the adsorption material 
1 21 in the adsorption tower 1 1 1 from the evaporator 1 1 3 at the predetermined amount of adsorption. At this time, the 
temperature of the evaporator 1 1 3 can fall by evaporation of the working fluid 1 1 9, and the water of temperature T B 
can be reduced to temperature T^^ through the heat exchanger in the evaporator 1 1 3. On the other hand, the heat 
exchanger in the adsorption tower 1 1 1 cools the adsorption material 1 21 by pouring the water of temperature T ft . If the 
amount of adsorption of the working fluid 119 reaches the specified quantity, the valve 117 will be switched, the 
adsorption tower 1 1 1 and the condenser 1 1 5 are connected, temperature up of the warm water of heat source 
temperature T reg is poured and carried out to the adsorption tower 111, the working fluid 1 1 9 is desorbed from the 
adsorption material 121, and it is made to condense with the condenser 1 15, At this time, the water of temperature T a 
is poured to the condenser 115. One cycle is completed in the stage which desorption ended, and an adsorption 
process is performed again. 

[0005]The working fluid 1 19 is made to stick to the adsorption material 121 in temperature-up mode, connecting the 
adsorption tower 1 1 1 with the evaporator 1 13 by the valve 117 first and pouring the warm water of heat source 
temperature T s to both, as shown in drawing 1 1 . At this time, the temperature of the adsorption tower 1 1 1 can rise 
with the heat of adsorption of the adsorption material 121, and temperature up of the heat source temperature T^ 
which flows through the inside of the adsorption tower 111 can be carried out to T hot . If the amount of adsorption of 
the working fluid 119 reaches the specified quantity, the valve 117 will be switched, the adsorption tower 111 and the 
condenser 115 are connected, temperature up of the warm water of heat source temperature T W| is poured and 
carried out to the adsorption tower 1 1 1 , the working fluid 1 1 9 is desorbed from the adsorption material 121, and it is 
made to condense with the condenser 115. At this time, the water of temperature T a is poured to the condenser 115. 
One cycle is completed in the stage which desorption ended, and an adsorption process is performed again. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the time which one cycle takes also in any in cooling mode and 
temperature-up mode, in the conventional adsorption equation heat pump, a long time had become a problem. This 
m ai n caus e suit ed that he at excha n g e o f th e ads o r p ti o n m at e ria l and h e at e xchanging fluid in an adsorption towe r was 
not performed promptly. That is, since the adsorption tower of the conventional adsorption equation heat pump was 
JomedJ3yJ)eingJlilled>up-with.powder_oL 

^dsorptiorrtOWer"Of"^^ amourit-df^aldsorptTon dtstribution in an 

adsorption tower happened easily. However, the adsorption material located in the place which separated heat 
exchanging fluid and distance in this adsorption tower, Since it was only that the working fluid which most heat 
exchange w ith he at ex chang ing fluid is not performe d, re ceives he at conduction by other adsorption material whi ch 

"epproach"ecl, or circulates an adsorption tower receives heat conduction, when the" bias of trie above-mentioned 
amount-of-adsorption distribution arose, the long time was taken to control the inside of an adsorption tower to a 
predetermined temperature. 
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[0007]If it becomes beyond the temperature which the temperature of adsorption material set up on the occasion of 
adsorption, since the balance of an exoergic reaction inclines toward the system of reaction rather than a product, the 
adsorption capability of adsorption material will decrease, and an adsorption rate will become slow as a result On the 
other hand, if the heat of heat of adsorption is not efficiently given to adsorption material in the case of desorption, the 
balance of an endoergic reaction will incline toward the system of reaction, and desorption speed will fall. It was 
rate-limiting in the time which one cycle takes to adsorption time and desorption time from such a reason by the 
adsorption equation heat pump which has an adsorption tower by the conventional restoration method. 
[0008]ln order to cancel the above technical problem, as for this invention, the adsorption and desorption of the 
adsorption material in an adsorption tower aim at offer of feasible adsorption equation heat pump for a short time. 
[0009] 

[Means for Solving the Problem and its Function] in order to solve the above-mentioned technical problem — heat 
exchange of the 1st invention — public funds — a group pipe makes it a gist to have a feed hole where heat 
exchanging fluid can circulate, and the fixed zone by which adsorption material was fixed in layers to a peripheral face. 
[001 0]An adsorption tower which has the adsorption material which adsorption equation heat pump of the 2nd invention 
generates heat by adsorbing a working fluid and desorbs said working fluid by carrying out an endothermic, leaving 
space where said working fluid can circulate to said adsorption tower in adsorption equation heat pump provided with 
an evaporator connected with said adsorption tower, and a condenser connected with said adsorption tower — heat 
exchange of the 1 st invention — public funds — let it be a gist to have arranged a group pipe. 

[001l]Herea1ter, composition and an operation of this invention are explained in full detail, first — heat exchange of the 
1 st invention — public funds — a group pipe is explained. Although a kind in particular of metal tube to be used is not 
limited, copper, stainless steel, aluminum of an alloy having contained these, etc. are preferred, and that of especially 
copper are preferred, for example. Although not limited in particular except being the structure of having a feed hole 
where heat exchanging fluid can circulate, a metal tube is preferred especially from a point of heat exchanging 
efficiency, when it is fin tube structure, for example. 

[001 2] Although not limited especially as adsorption material, silica gel, activated alumina, activated carbon, zeolite, 
molecular sieving carbon, etc. are preferred, for example, and especially silica gel and activated carbon are preferred. 
About the physical properties of adsorption material, it is preferred that it is more than particle diameter of 2 mm or 
less, 0.3 or more ml/g of pore volume, and specific surface area 2 [ of 600 m ]/g. 

[001 3]Since thickness of a fixed zone when adsorption material is fixed to a metal tube peripheral face does not 
produce temperature distribution of a degree very much between a portion and a peripheral face of a fixed zone in 
contact with a metaled peripheral face, it is preferred that it is 1-6 mm, and it is preferred that it is especially 2-3 mm. 
If there is a problem in intensity when fabricating a fixed zone when thickness becomes below a minimum, and it 
becomes beyond a maximum, it will be apprehensive about a bias of distribution of decline in efficiency of heat 
exchange with heat exchanging fluid and the amount of adsorption within a fixed zone becoming very large to a degree 
etc. 

[001 4] Although a forming process in particular of a fixed zone is not limited, after applying to a metal tube peripheral 
face a thing which made adsorption material contain a synthetic resin for adhesion, a method of fabricating a layer by 
calcination, etc. are common. About heat exchanging fluid, as Jong as it is usually used, ft may be used regardless of a 
fluid and a gas, but as a fluid, water, oil, etc. are preferred and air, nitrogen, carbon dioxide, etc. are preferred as a gas. 
[0015]heat exchange of the 1st invention — public funds — if a group pipe is used, since the heat exchange of that the 
thermal conductivity of a metal tube is high and the fixed zone can be carried out at heat exchanging fluid which flows 
through a feed hole of a metal tube, and a sufficiently quick speed, it becomes possible to carry out temperature 
control of the adsorption material formed in a peripheral face of a metal tube as a fixed zone promptly with heat 
exchanging fluid. 

[0016]Then r adsorption equation heat pump of the 2nd invention is explained. What is necessary is just usable to the 
usual adsorption equation heat pump in a working fluid used for adsorption equation heat pump of the 2nd invention, 
and water, lower alcohol, aromatic hydrocarbon, ammonia, acetone, etc. are mentioned. Water and ethanol are preferred 
when the latent heat of vaporization, steam pressure, toxicity, etc. are especially taken into consideration. 
[0017]an adsorption tower leaves space where a working fluid can circulate — heat exchange of two or more 1st 
inventions — public funds, although a group pipe is arranged. Space where a working fluid can circulate here means 
space where it is sufficient although a working fluid desorbed from a working fluid or adsorption material evaporated in 
an evaporator can diffuse the whole inside of an adsorption tower uniformly. By existence of this space, a bias of 
amount-of-adsorption distribution of shaft orientations in an adsorption tower decreases, and adsorption and 
desorption time of adsorption material can be shortened. 

[001 8] heat of adsorption which adsorption equation heat pump of the 2nd invention generates in an adsorption process 
in cooling mode or temperature-up mode when adsorption material in an adsorption tower adsorbs a working fluid — 
heat exchange of the 1st invention — public funds — it can remove from adsorption material very promptly by using a 
group pipe. As a result, the predetermined amount of adsorption can be reached promptly, without reducing an 
adsorption rate. In a desorption process, since quantity of heat which is equivalent to heat of adsorption from heat 
exchanging fluid can be promptly given to adsorption material, adsorption material is promptly renewable. 
[0019] 

[ExamplelThe suitable example of this invention is described below. The adsorption equation heat pump 10 of the 1st 
example is shown in drawing 1 . The composition of this example consists of the adsorption tower 1 . the 
evaporator/condenser 3, and the interconnecting tube 5. Silica gel was used as adsorption material, water was used for 

th e ads orpt io n s y s tem as a w o rk i ng fl wdr-and^ tho wat e r c a t oc pi g esc^4be<l^^fflpefatu ro was uQcd-for-heet-excha 

fluid. 

jOP_20]InJth^ 



ame^pparatus-properly to an evapor^r^r-arxrondenser-accordrng-t o the pu rpose-ofiagerand^his-apparatcrs-Ttfa 
made into the evaporator / condenser 3. This evaporator / condenser 3 consist of a heat insulation well-closed 
container which has the safety valve 7 which opens by overpressure. In order to perform the water and heat exchange 
as a working fluid which exist in an inside, the heat exchange pipe 9 is allocated. The heat jsxchange pipe 9 has the 
-entrance'9a"and"the"exir9brand"can"circulate"water"with~circulation or "a circulating pump a's'heat exchanging fTuTd; YricT 
also can set inlet temperature as a predetermined temperature. The effective evaporation area of an evaporator / 
condenser 3 is 0.031 4-m 2 . 
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[0021 ]the adsorption tower 1 has the safety valve 6 which opens by overpressure, and consists of a with 133 mm in 
inside diameter, and an outer diameter of 165.2 mm heat insulation well-closed container — two or more heat 
exchange [ Inside ] — public funds — as the group pipe 1 1 (after-mentioned) leaves the space where the water as a 
working fluid can circulate, it is arranged, this adsorption tower 1 — 115 heat exchange — public funds — consisting of 
the group pipe 1 1 — the heat exchange from the entrance la of heat exchanging fluid — public funds — pass the feed 
hole 13 of the group pipe 11 — the temperature of the adsorption material 14 shown in drawing 2 can be aojusted now 
by circulating water to the exit 1b. The water as this heat exchanging fluid can set inlet temperature as a 
predetermined temperature. The metal tube 1 1 for heat exchange is explained in full detail here. 
[0022]The metal tube 1 1 for heat exchange has the feed hole 13 where heat exchanging fluid can circulate, and the 
fixed zone 15 by which the adsorption material 14 was fixed to the peripheral face, as shown in drawing 2 . using the 
with 4 mm in inside diameter, and an outer diameter of 6 mm copper pipe 17 in this example — as the adsorption 
material 14 — the silica gel C (the product made from Fuji DEVISON Chemicals.) Specific surface area 721x10 3 m 2 /kg, 
and pore volume 0.42x10 ~ 3 m 3 /kg are ground to 42 meshes (particle diameter of 355 micrometers or less), By mixing a 
vinyl acetate system binder, pasting the peripheral face of said copper pipe 17, and calcinating in 1 10 *+ for 6 hours, 
the fixed zone 15 2 mm in thickness and 400 mm in length was formed. The specific surface areas of this fixed zone 15 
were 200x10 3 m 2 /kg, and pore volume was 0.12x10 ~ 3 m 3 / kg (all are computed by the B.ET method). The adsorption 
isotherm (it measures at the temperature of 30 **) of this fixed zone 15 is shown in drawing 3 . 
[0023]The interconnecting tube 5 has connected both so that the water which is a working fluid can come and go the 
inside of an evaporator / condenser 3, and the adsorption tower 1, Since the interconnecting tube 5 has a course 
which leads to the vacuum pump 4 besides the course which connects the adsorption tower 1 with an evaporator / 
condenser 3, it forms a three-forked road, and it has the three valves 5a, 5b, and 5c which make it possible to seal 
each independently, 

[0024]The case where the adsorption equation heat pump 10 of this example which consists of the above composition 
is used by cooling mode is taken for an example, and the operation and an effect are explained in full detail below, the 
adsorption equation heat pump 1 0 of this example — heat exchange — public funds ■ — the fixed zone of the group pipe 
11 — 15 skin temperature (position of (A) in drawing 2) . The applicable position was equipped with measuring 
equipment so that measurement with the passage of time might be respectively attained in the entrance temperature 
of the heat exchanging fluid which circulates the skin temperature (position of (B) in drawing 2) of the copper pipe 1 7. 
the temperature of the working fluid of an evaporator / condenser 3 inside, the adsorption tower 1, and the 
evaporator/condenser 3. 

The following pretreatments were performed before operating the adsorption equation heat pump 1 0 of <adsorption 
test> this example, first — water with a temperature [ the entrance 1a of heat exchanging fluid to ] of 80 ** — heat 
exchange — - public funds — the vacuum deairing of the inside of the adsorption tower 1 was carried out by closing the 
valve 5b and opening the valves 5a and 5c f circulating to the feed hole 13 of the group pipe 11. Next, by closing the 
valve 5a and opening the valves 5b and 5c, the evaporator / condenser 3 was deaerated. the impure component of the 
water which is a working fluid was removed, and the valves 5b and 5c were closed. 

[0025] Subsequently, water with a temperature of 10 ** was circulated by the amount of water of 1,6x1 0" 4 m a /s and 
1.4x10 ~ 4 m 3 /s as heat exchanging fluid of the adsorption tower 1, respectively considering water with a temperature of 
30 ** as heat exchanging fluid of an evaporator / condenser 3. After checking that fixed zone 15 skin temperature of 
the metal tube 11 for heat exchange, the skin temperature of the copper pipe 17, and the temperature of the working 
fluid of an evaporator / condenser 3 inside have reached prescribed temperature, the valves 5a and 5b were opened, 
the steam of water was introduced into adsorption tower 1 inside as a working fluid, and adsorption was started. The 
variation of the X-axis and temperature was taken for the lapsed time after an adsorption start to the Y-axis, and the 
temperature change (it displays by -) in the position of (B) in the temperature change (it displays by O) in the position 
of (A) in drawing 2 and drawing 2 and the temperature change (it displays by <» in the exit of the heat exchanging fluid 
which circulates the adsorption tower 1 were shown in drawing 4. respectively. 

Following the <desorption examination> adsorption test water with a temperature of 70 ** was circulated as heat 
exchanging fluid of the adsorption tower 1, water with a temperature of 30 ** was circulated as heat exchanging fluid of 
an evaporator / condenser 3, and the desorption examination was done. The variation of the X-axis and temperature 
was taken for the lapsed time after a desorption start to the Y-axis, and the temperature change (it displays by ~) in 
the position of (B) in the temperature change (it displays by O) in the position of (A) in drawing 2 and drawing 2 and the 
temperature change (it displays by O) in the exit of the heat exchanging fluid which circulates the adsorption tower 1 
were shown in drawing 5. respectively. 

[0026] Next adsorption and a desorption examination were done using the adsorption equation heat pump 50 (drawing 
8) of the type which replaced the adsorption tower 1 of the adsorption equation heat pump 10 of the 1st example by 
the restoration type adsorption tower as the 1st comparative example. This adsorption tower 51 has double tube 
structure, and can aojust the temperature of the adsorption material 53 now by circulating water from the entrance 51a 
of heat exchanging fluid to the exit 51b through the outer tube 51c of a double tube. The adsorption tower 51 is 
cylindrical shape with a 54 mm[ in inside diameter ] x length of 200 mm, and carried out random restoration of the silica 
gel A (product made from Fuji DEVISON Chemicals) as the adsorption material 53 at the inner tube 51d of the 
adsorption tower 51. Specific surface area is [ 721x10 ~ 3 m 2 /kg, and the pore volume of the physical properties of the 
silica gel A ] 0.43x10 3 m 3 /kg. 

[0027] By the adsorption test by this adsorption equation heat pump 50, the water temperatur e which circulates 30 **, 
a n d th e e va por at o r/con den s e r 3 in th e wat e r t e mp e ratu r e whiuh ci r cu l ates Lhe adsorption tower 51 was set as 25 **, 
and the water temperature which circulates 60 **, and the evaporator/condenser 3 in the water temperature which 
-clrculatBs^the^dsotption-tower^l-was^et^ 

-perforWeo^the^^^^ was carried out. I he variation oTthe temperature OT tne 
X-axis and adsorption material was taken for the lapsed time after the adsorptiorr-and-desorption start in an 
adsorption test and a desorption examination to the Y-axis, and the temperature change in the position [ in / for the 
temperature change i n the position / in / for the temperature change in the position of (a) in drawing 6 / ** a nd 

^rawinF6T oT(py/~0 and drawing 6~T of "(c) was displayed on drawing 7 and drawing 8 by **. 
[0028]The result of adsorption with the 1 st example and a comparative example and a desorption examination was 
summarised in Table 1 . 
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[0029] 
[Table l] 
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[0030]ln the adsorption material (drawing 6 (a)) located in center-section shaft orientations in early stages of 

adsorption and desorption, the maximum temperature change of adsorption material was recorded [ in the 1st example 

] in the fixed zone surface in early stages of adsorption and desorption (drawing 2 (A)), respectively by the 1st 

comparative example. This figure serves as an index whether heat exchange was performed efficiently, after adsorption 

material carries out the adsorption and desorption of the working fluid and a temperature change arises. 

[0031 JThe temperature distribution width of adsorption material is the temperature gradient produced in the 1st 

example between the fixed zone surface ( drawing 2 ( A)) and the metal tube surface (drawing 2 (B)). 

It is the temperature gradient produced between the adsorption material ( drawing 6 ( a)) located in center-section shaft 

orientations in the 1st comparative example, and the adsorption material (drawing 6 (c)) located near the adsorption 

tower heat exchanging fluid. 

Each recorded the maximum temperature distribution width in the early stages of adsorption and desorption. This figure 
serves as [ whether whether post heating exchange which adsorption material's carried out the adsorption and 
desorption of the working fluid, and the temperature change produced being performed efficiently, and a working fluid 
diffused the inside of an adsorption tower uniformly, and the bias has arisen in amount-of-adsorption distribution, and ] 
an index of **. 

[0032]Compared with the 1 st comparative example, the maximum temperature distribution width of the maximum 
temperature change of adsorption material and adsorption material of the adsorption equation heat pump of the 1 st 
example is small so that clearly from Table 1. This result shows that post heating exchange which adsorption material 
carried out the adsorption and desorption of the working fluid, and the temperature change produced was performed 
efficiently, and also that a working fluid diffuses the inside of an adsorption tower uniformly, and the big bias has not 
arisen in amount-of-adsorption distribution. 

[0033]In the 1st example, compared wfth the 1st comparative example, adsorption and desorption time can be 
shortened extremely and one cycle can be performed now in a short time. Next, the adsorption equation heat pump of 
the 2nd example is explained the heat exchange used for the adsorption equation heat pump 10 of the 1st example 
although the adsorption equation heat pump in particular of the 2nd example itself did not illustrate — public funds — 
the heat exchange which was replaced with the group pipe 1 1 and illustrated to drawing 9 — public funds — it is the 
same composition as the adsorption equation heat pump 10 of the 1st example except having used the group pipe 16. 
heat exchange — public funds — except for the copper pipe 18 wearing or really formed in the outside surface in the 
fin 18a having been used for the group pipe 16 — heat exchange — public funds — it manufactured like the group pipe 
11. 

[0034]the adsorption equation heat pump of the 2nd example — existence of the fin 1 8a — heat exchange — public 
funds — the thermal conductivity of the group pipe 1 6 improved more, and the heat exchanging efficiency of the fixed 
zone 15 and the heat exchanging fluid which flows through the feed hole 13 improved further compared with the 1st 
example. For this reason, although it could not be overemphasized that it had the same effect as the adsorption 

equation heat pump 10 of the 1st example by the adsorption equation heat pump of the 2nd example, in connection 

with adsorption and desorption time having been shortened further, one cycle could be performed further in a short 
time. 

a working fluid can circulate to an adsorption tower — the heat exchange of two or more 1st inventions — public funds 
— the time which one cycle takes became very short by having arranged the group pipe. It cannot be overemphasized 
that it can carry out in various modes in the range which this invention is not limited to the above-mentioned example 
^t-all,-and-does-not-deviate-from-the-meaning"Of-this-invention.-For example.-elthough-the-1st-example explsined-cooling- 
mode, it completely has the same composition and operation also about temperature-up mode, and has the effect that 
the time which one cycle takes becomes very short 
[0036] 
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[Effect of the Invention]it explained in full detail above — as — the heat exchange of the 1st invention — public funds 
— according to the group pipe, the thermal conductivity of a metal tube is high. Since the heat exchange of the fixed 
zone can be carried out at the heat exchanging fluid which flows through the feed hole of a metal tube, and a 
sufficiently quick speed, it becomes possible to cany out temperature control of the adsorption material formed in the 
peripheral face of a metal tube as a fixed zone promptly with heat exchanging fluid. 

[0037]the adsorption equation heat pump of the 2nd invention leaves the space where a working fluid can circulate to 
an adsorption tower — the heat exchange of two or more 1 st inventions — public funds — by having arranged the 
group pipe, the adsorption and desorption of the adsorption material in an adsorption tower became feasible for a short 
time. As a result in cooling mode and temperature-up mode, the time which one cycle takes became very short 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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TECHNICAL FIELD 



[Industrial Application] the heat exchange this invention excelled [ heat exchange ] in heat exchanging efficiency — 
public funds — a group pipe and its heat exchange — public funds — it is related with the adsorption equation heat 
pump using a group pipe. 
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PRIOR ART 



[Description of the Prior Art]ln recent years, exhaust heat of various temperature levels is discharged in large 
Quantities from various industrial processes. Although effective thermal energy 100 ** or less occupies 3/4 or more 
of the total exhaust heat ] especially, the actual condition is discarded while the most has not been used The 
adsorption equation heat pump which uses generation of heat and the endothermic accompanying adsorption and 
desorption as one of the art which changes such low temperature exhaust heat into thermal energy with an expensive 
qualitative level is known. Since adsorption equation heat pump is provided with the feature hung up over below, useful 
** of rt is carried out 

** The ability degradation due to the fall of heat source temperature or a discharge is small. 
** It can be operated also in a low-temperature heat source 100 ** or less. 
** There are accumulation and the cold energy effect. 

** The adsorption material to be used has high safety and there is no corrosivaness. 
** Theoretically, don't need mechanical power. 

[0003]The conventional adsorption equation heat pump chose a working fluid and adsorption material suitably, and the 
thing provided with the adsorption tower which has an evaporator, a condenser, and adsorption material was known. As 
for the adsorption tower, since powder or the shape of a grain was used abundantly as this adsorption material, it was 
in use to have formed with what is called a restoration method of being filled up with adsorption material with sufficient 
breathability. 

r0Q04l Drawing 10 and drawing 11 explain the principle of adsorption equation heat pump. The evaporator 113 and the 
adsorption tower 111 are first connected for the adsorption equation heat pump 1 1 0 of drawing 1 0 bv the valve 1 1 7, 
and it is made to adsorb in cooling mode until it evaporates the working fluid 119 and reaches the adsorption materia! 
121 in the adsorption tower 1 1 1 from the evaporator 1 13 at the predetermined amount of adsorption. At this time, the 
temperature of the evaporator 1 13 can fall by evaporation of the working fluid 119, and the water of temperature T a 
can be reduced to temperature T co)d through the heat exchanger in the evaporator 113. On the other hand, the heat 
exchanger in the adsorption tower 111 cools the adsorption material 121 by pouring the water of temperature T a , If the 
amount of adsorption of the working fluid 119 reaches the specified quantity, the valve 1 1 7 will be switched, the 
adsorption tower 1 1 1 and the condenser 1 15 are connected, temperature up of the warm water of heat source 
temperature T roe is poured and carried out to the adsorption tower 1 1 1, the working fluid 11 9 is desorbed from the 
adsorption material 121, and it is made to condense with the condenser 115. At this time, the water of temperature T a 
is poured to the condenser 115. One cycle is completed in the stage which desorption ended, and an adsorption 
process is performed again. 

[0005]The working fluid 1 1 9 is made to stick to the adsorption material 121 in temperature-up mode, connecting the 
adsorption tower 1 1 1 with the evaporator 1 1 3 by the valve 1 1 7 first and pouring the warm water of heat source 
temperature T s to both, as shown in drawing 11 . At this time, the temperature of the adsorption tower 1 1 1 can rise 
with the heat of adsorption of the adsorption material 121 , and temperature up of the heat source temperature T a 
which flows through the inside of the adsorption tower 111 can be carried out to T hot . If the amount of adsorption of 
the working fluid 119 reaches the specified quantity, the valve 1 17 will be switched, the adsorption tower 1 1 1 and the 
condenser 1 1 5 are connected, temperature up of the warm water of heat source temperature T rtg is poured and 
carried out to the adsorption tower 1 1 1 , the working fluid 1 1 9 is desorbed from the adsorption material 121. and it is 
made to condense with the condenser 1 15. At this time, the water of temperature T a is poured to the condenser 115, 
One cycle is completed in the stage which desorption ended, and an adsorption process is performed again. 
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EFFECT OF THE INVENTION 



[Effect of the Invention]it explained in full detail above — as — the heat exchange of the 1st invention — public funds 
— according to the group pipe, the thermal conductivity of a metal tube is high. Since the heat exchange of the fixed 
zone can be carried out at the heat exchanging fluid which flows through the feed hole of a metal tube, and a 
sufficiently quick speed, it becomes possible to carry out temperature control of the adsorption material formed in the 
peripheral face of a metal tube as a fixed zone promptly with heat exchanging fluid. 

[0037]the adsorption equation heat pump of the 2nd invention leaves the space where a working fluid can circulate to 
an adsorption tower — the heat exchange of two or more 1st inventions — public funds — by having arranged the 
group pipe, the adsorption and desorption of the adsorption material in an adsorption tower became feasible for a short 
time. As a result in cooling mode and temperature-up mode, the time which one cycle takes became very short 



[Translation done.] 



1 /1 



2008/06/20 17:06 



08-06-23;17:01 ; 



OBLON ; # 85/ 95 

nrtp://www^.ipai.inpix,goop/cgi-Ojn/t...uuu&NUODU=i Jiiillll 1U1 1 lUUUUUU&NUi>»U=U 



* NOTICES * 

JPO and (NPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2, **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]However, in the time which one cycle takes also in any in cooling mode and 
temperature-up mode, in the conventional adsorption equation heat pump, a long time had become a problem. This 
main cause suited that heat exchange of the adsorption material and heat exchanging fluid in an adsorption tower was 
not performed promptly. That is r since the adsorption tower of the conventional adsorption equation heat pump was 
formed by being filled up with powder or granular adsorption material, pressure loss is large, the diffusion in the 
adsorption tower of a working fluid becomes uneven, and the bias of the amount-of-adsorption distribution in an 
adsorption tower happened easily. However, the adsorption material located in the place which separated heat 
exchanging fluid and distance in this adsorption tower, Since it was only that the working fluid which most heat 
exchange with heat exchanging fluid is not performed, receives heat conduction by other adsorption material which 
approached, or circulates an adsorption tower receives heat conduction, when the bias of the above-mentioned 
amount-of-adsorption distribution arose, the long time was taken to control the inside of an adsorption tower to a 
predetermined temperature. 

[0007]If it becomes beyond the temperature which the temperature of adsorption material set up on the occasion of 
adsorption, since the balance of an exoergic reaction inclines toward the system of reaction rather than a product, the 
adsorption capability of adsorption material will decrease, and an adsorption rate wilt become slow as a result On the 
other hand, if the heat of heat of adsorption is not efficiently given to adsorption material in the case of desorption, the 
balance of an endoergic reaction will incline toward the system of reaction, and desorption speed will fall. It was 
rate-limiting in the time which one cycle takes to adsorption time and desorption time from such a reason by the 
adsorption equation heat pump which has an adsorption tower by the conventional restoration method. 
[0008]In order to cancel the above technical problem, as for this invention, the adsorption and desorption of the 
adsorption material in an adsorption tower aim at offer of feasible adsorption equation heat pump for a short time. 
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OPERATION 



[Means for Solving the Problem and its Function]in order to solve the above-mentioned technical problem — heat 
exchange of the 1 st invention — public funds — a group pipe makes it a gist to have a feed hole where heat 
exchanging fluid can circulate, and the fixed zone by which adsorption materia! was fixed in layers to a peripheral face. 
[001 0]An adsorption tower which has the adsorption material which adsorption equation heat pump of the 2nd invention 
generates heat by adsorbing a working fluid, and desorbs said working fluid by carrying out an endothermic, leaving 
space where said working fluid can circulate to said adsorption tower in adsorption equation heat pump provided with 
an evaporator connected with said adsorption tower, and a condenser connected with said adsorption tower — heat 
exchange of the 1st invention — public ftjnds — let it be a gist to have arranged a group pipe. 

[001l]Hereafter, composition and an operation of this invention are explained in full detail, first — heat exchange of the 
1 st invention — public funds — a group pipe is explained. Although a kind in particular of metal tube to be used is not 
limited, copper, stainless steel, aluminum of an alloy having contained these, etc. are preferred, and that of especially 
copper are preferred, for example. Although not limited in particular except being the structure of having a feed hole 
where heat exchanging fluid can circulate, a metal tube is preferred especially from a point of heat exchanging 
efficiency, when it is fin tube structure, for example. 

[001 2] Although not limited especially as adsorption material, silica gel, activated alumina, activated carbon, zeolite, 
molecular sieving carbon, etc. are preferred, for example, and especially silica gel and activated carbon are preferred. 
About the physical properties of adsorption material, it is preferred that it is more than particle diameter of 2 mm or 
less, 0.3 or more ml/g of pore volume, and specific surface area 2 [ of 600 m J/g. 

[00l3]Since thickness of a fixed zone when adsorption material is fixed to a metal tube peripheral face does not 
produce temperature distribution of a degree very much between a portion and a peripheral face of a fixed zone in 
contact with a metaled peripheral face, it is preferred that it is 1-6 mm, and it is preferred that it is especially 2-3 mm. 
If there is a problem in intensity when fabricating a fixed zone when thickness becomes below a minimum, and it 
becomes beyond a maximum, it wilt be apprehensive about a bias of distribution of decline in efficiency of heat 
exchange with heat exchanging fluid and the amount of adsorption within a fixed zone becoming very large to a degree 
etc. 

[001 4] Although a forming process in particular of a fixed zone is not limited, after applying to a metal tube peripheral 
face a thing which made adsorption material contain a synthetic resin for adhesion, a method of fabricating a layer by 
calcination, etc. are common. About heat exchanging fluid, as long as it is usually used, it may be used regardless of a 
fluid and a gas, but as a fluid, water, oil, etc. are preferred and air, nitrogen, carbon dioxide, etc. are preferred as a gas. 
[0015]heat exchange of the 1st invention — public funds — if a group pipe is used, since the heat exchange of that the 
thermal conductivity of a metal tube is high and the fixed zone can be carried out at heat exchanging fluid which flows 
through a feed hole of a metal tube, and a sufficiently quick speed, it becomes possible to carry out temperature 
control of the adsorption material formed in a peripheral face of a metal tube as a fixed zone promptly with heat 
exchanging fluid. 

[0016]Then, adsorption equation heat pump of the 2nd invention is explained. What is necessary is just usable to the 
usual adsorption equation heat pump in a working fluid used for adsorption equation heat pump of the 2nd invention, 
and water, lower alcohol, aromatic hydrocarbon, ammonia, acetone, etc, are mentioned. Water and ethanol are preferred 
when the latent heat of vaporization, steam pressure, toxicity, etc. are especially taken into consideration. 
[0017]an adsorption tower leaves space where a working fluid can circulate — heat exchange of two or more 1st 
inventions — public funds, although a group pipe is arranged, Space where a working fluid can circulate here means 
space where it is sufficient although a working fluid desorbed from a working fluid or adsorption material evaporated in 
an evaporator can diffuse the whole inside of an adsorption tower uniformly. By existence of this space, a bias of 
amount-of-adsorption distribution of shaft orientations in an adsorption tower decreases, and adsorption and 
desorption time of adsorption material can be shortened. 

[0018]heat of adsorption which adsorption equation heat pump of the 2nd invention generates in an adsorption process 
in cooling mode or temperature-up mode when adsorption material in an adsorption tower adsorbs a working fluid — 
heat exchange of the 1st invention — public funds — it can remove from adsorption material very promptly by using a 
group pipe. As a result, the predetermined amount of adsorption can be reached promptly, without reducing an 
adsorption rate. In a desorption process, since quantity of heat which is equivalent to heat of adsorption from heat 
exchanging fluid can be promptly given to adsorption material, adsorption material is promptly renewable. 
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EXAMPLE 



[Example]The suitable example of this invention is described below. The adsorption equation heat pump 10 of the 1st 
example is shown in drawingjL The composition of this example consists of the adsorption tower 1, the 
evaporator/condenser 3, and the interconnecting tube 5. Silica gel was used as adsorption material, water was used for 
the adsorption system as a working fluid, and the water set as prescribed temperature was used for heat exchanging 
fluid. 

[0020]ln this example, we did not make an evaporator and a condenser separate composition, but decided to use the 
same apparatus properly to an evaporator or a condenser according to the purpose of use, and this apparatus was 
made into the evaporator / condenser 3. This evaporator / condenser 3 consist of a heat insulation well-closed 
container which has the safety valve 7 which opens by overpressure. In order to perform the water and heat exchange 
as a working fluid which exist in an inside, the heat exchange pipe 9 is allocated. The heat exchange pipe 9 has the 
entrance 9a and the exit 9b, and can circulate water with circulation or a circulating pump as heat exchanging fluid, and 
also can set inlet temperature as a predetermined temperature. The effective evaporation area of an evaporator / 
condenser 3 is 0.031 4-m 2 . 

[0021 ]the adsorption tower 1 has the safety valve 6 which opens by overpressure, and consists of a with 133 mm in 
inside diameter, and an outer diameter of 165.2 mm heat Insulation well-closed container — two or more heat 
exchange [ inside ] — public funds — as the group pipe 1 1 (after-mentioned) leaves the space where the water as a 
working fluid can circulate, it is arranged, this adsorption tower 1 — 115 heat exchange — public funds — consisting of 
the group pipe 11 — the heat exchange from the entrance 1 a of heat exchanging fluid — public funds — pass the feed 
hole 13 of the group pipe 11 — the temperature of the adsorption material 14 shown in drawing 2 can be adjusted now 
by circulating water to the exit lb. The water as this heat exchanging fluid can set inlet temperature as a 
predetermined temperature. The metal tube 1 1 for heat exchange is explained in full detail here. 
[0022]The metal tube 1 1 for heat exchange has the feed hole 1 3 where heat exchanging fluid can circulate, and the 
fixed zone 15 by which the adsorption material 14 was fixed to the peripheral face, as shown in drawing Z using the 
with 4 mm in inside diameter, and an outer diameter of 6 mm copper pipe 1 7 in this example — as the adsorption 
material 14 — the silica gel C (the product made from Fuji DEVISON Chemicals.) Specific surface area 721x10 3 m 2 /kg, 
and pore volume 0.42x10 ~ 3 m 3 /kg are ground to 42 meshes (particle diameter of 355 micrometers or less), By mixing a 
vinyl acetate system binder, pasting the peripheral face of said copper pipe 17, and calcinating in 110 ** for 8 hours, 
the fixed zone 15 2 mm in thickness and 400 mm in length was formed. The specific surface areas of this fixed zone 15 
were 200x10 W/kg, and pore volume was 0.12x10 ~ 3 m 3 / kg (all are computed by the B.ET method). The adsorption 
isotherm (it measures at the temperature of 30 **) of this fixed zone 15 is shown in drawing 3 . 

[0023]The interconnecting tube 5 has connected both so that the water which is a working fluid can come and go the 
inside of an evaporator / condenser 3, and the adsorption tower 1 . Since the interconnecting tube 5 has a course 
which leads to the vacuum pump 4 besides the course which connects the adsorption tower 1 with an evaporator / 
condenser 3. it forms a three-forked road, and it has the three valves 5a, 5b, and 5c which make it possible to seal 
each independently. 

[0024]The case where the adsorption equation heat pump 10 of this example which consists of the above composition 
is used by cooling mode is taken for an example, and the operation and an effect are explained in full detail below, the 
adsorption equation heat pump 10 of this example — heat exchange — public funds — the fixed zone of the group pipe 
11 — 15 skin temperature (position of (A) in drawing 2 ). The applicable position was equipped with measuring 
equipment so that measurement with the passage of time might be respectively attained in the entrance temperature 
of the heat exchanging fluid which circulates the skin temperature (position of (B) in drawing 2) of the copper pipe 17, 
the temperature of the working fluid of an evaporator / condenser 3 inside, the adsorption tower 1, and the 
evaporator/condenser 3. 

The following pretreatments were performed before operating the adsorption equation heat pump 1 0 of <adsorption 
test> this example, first — water with a temperature [ the entrance 1a of heat exchanging fluid to ] of 80 ** — heat 
exchange — - public funds — the vacuum desiring of the inside of the adsorption tower 1 was carried out by closing the 
valve 5b and opening the valves 5a and 5c, circulating to the feed hole 1 3 of the group pipe 1 1 . Next by closing the 
valve 5a and opening the valves 5b and 5c, the evaporator / condenser 3 was deaerated, the impure component of the 
water which is a working fluid was removed, and the valves 5b and 5c were closed. 

[0025] Subsequently, water with a temperature of 10 ** was circulated by the amount of water of 1,6x1 0" 4 m 3 /s and 
1.4x10 ~ 4 m 3 /s as heat exchanging fluid of the adsorption tower 1, respectively considering water with a temperature of 
3 0 aafc a s h ea t ex ch a ng i ng fl uid o f a n e v apo r a t o r / G ow donoor 3. Aft e r oh eo king that fix ed gone 15 akin temperature of — 
the metal tube 11 for heat exchange, the skin temperature of the copper pipe 17, and the temperature of the working 
_fluidj9jLanj»yapo — 
^the steam^of water-w as i n tro d uc ed int o a dsotptiorrtower-Hnside-aya^^ and adsorptiorrway-startedrThe 

variation of the X-axis and temperature was taken for the lapsed time after an adsorption start to the Y-axis, and the 
temperature change (it displays by -) in the position of (B) in the temperature change (it displays by O) in the position 
of (A) in drawing 2 and drawing 2 and the temperature change (it_disp)ays by <» in the exit of the heat exchanging fluid 
-which-circulates~the~adsorptionnower1~^^ respectively. 

Following the Resorption examination> adsorption test water with a temperature of 70 ** was circulated as heat 
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exchanging fluid of the adsorption tower 1, water with a temperature of 30 ** was circulated as heat exchanging fluid of 
an evaporator / condenser 3. and the desorption examination was done. The variation of the X-axis and temperature 
was taken for the lapsed time after a desorption start to the Y-axis, and the temperature change (it displays by -) in 
the position of (B) in the temperature change (it displays by 0) in the position of (A) in drawing 2 a nd drawing 2 and the 
temperature change (it displays by <» in the exit of the heat exchanging fluid which circulates the adsorption tower 1 
were shown in drawing jj. respectively. 

[0026]Next, adsorption and a desorption examination were done using the adsorption equation heat pump 50 ( drawing 
6) of the type which replaced the adsorption tower 1 of the adsorption equation heat pump 10 of the 1st example by 
the restoration type adsorption tower as the 1 st comparative example. This adsorption tower 51 has double tube 
structure, and can adjust the temperature of the adsorption material 53 now by circulating water from the entrance 51a 
of heat exchanging fluid to the exit 51b through the outer tube 51c of a double tube. The adsorption tower 51 is 
cylindrical shape with a 54 mm[ in inside diameter ] x length of 200 mm, and carried out random restoration of the silica 
gel A (product made from Fuji DEVISON Chemicals) as the adsorption material 53 at the inner tube 51 d of the 
adsorption tower 51. Specific surface area is [ 721x10 ~ 3 rrrVkg. and the pore volume of the physical properties of the 
silica gel A ] 0.43x10 3 mVkg, 

[0027jBy the adsorption test by this adsorption equation heat pump 50, the water temperature which circulates 30 +*. 
and the evaporator/condenser 3 in the water temperature which circulates the adsorption tower 51 was set as 25 **, 
and the water temperature which circulates 60 **, and the evaporator/condenser 3 in the water temperature which 
circulates the adsorption tower 51 was set as 30 ** by the desorption examination. After the adsorption test 
performed the same pretreatment as the 1 st example, it was carried out The variation of the temperature of the 
X-axis and adsorption material was taken for the lapsed time after the adsorption-and^desorption start in an 
adsorption test and a desorption examination to the Y-axis, and the temperature change in the position [ in / for the 
temperature change in the position / in / for the temperature change in the position of (a) in drawing 6 / ** and 
drawing 6 / of (b) / O and drawing 6 ] of (c) was displayed on drawing 7 a nd drawing 8 b y **, 
[0028]The result of adsorption with the 1st example and a comparative example and a desorption examination was 
summarized in Table 1. 



[0029] 
!Table 1] 
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[0030]ln the adsorption material (drawing 6 (a)) located in center-section shaft orientations in early stages of 
adsorption and desorption, the maximum temperature change of adsorption material was recorded [ in the 1st example 
] in the fixed zone surface in early stages of adsorption and desorption ( drawing 2 (A)), respectively by the 1st 
comparative example. This figure serves as an index whether heat exchange was performed efficiently, after adsorption 
material carries out the adsorption and desorption of the working fluid and a temperature change arises. 
[0031]The temperature distribution width of adsorption material is the temperature gradient produced in the 1st 
example between the fixed zone surface ( drawing 2 (A)) and the metal tube surface (drawing 2 ( B)). 
It is the temperature gradient produced between the adsorption material (drawing 6 (a)) located in center-section shaft 
orientations in the 1 st comparative exampl e, and the adsorption material (drawing 6 (c)) located near the adsorption 
towe r heal exchang in g f luid. " ~" ~ 

Each recorded the maximum temperature distribution width in the early stages of adsorption and desorption. This figure 
.^erves-as-kwhetl^^ 

"a" e sorption or the working riuid, and the temperature change produced being performed efficiently, and a working fluid 
diffused the inside of an adsorption tower uniformly, and the bias has arisen in amount-of-adsorption distribution, and ] 
an index of **. 

[ 0032] Com pared with t he Jjst cornparatiyejexam a x imu m_temperatu ce_d istribution.wi dth_of_the. maximum 

temperature change of adsorption material and adsorption material of the adsorption equation heat pump of the 1st 
example is small so that clearly from Table 1. This result shows that post heating exchange which adsorption material 
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carried out the adsorption and desorption of the working fluid, and the temperature change produced was performed 
efficiently, and also that a working fluid diffuses the inside of an adsorption tower uniformly, and the big bias has not 
arisen in amount-of-adsorption distribution. 

[0O33]In the 1st example, compared with the 1st comparative example, adsorption and desorption time can be 
shortened extremely and one cycle can be performed now in a short time. Next the adsorption equation heat pump of 
the 2nd example Is explained, the heat exchange used for the adsorption equation heat pump 1 0 of the 1 st example 
although the adsorption equation heat pump in particular of the 2nd example itself did not illustrate — public funds — 
the heat exchange which was replaced with the group pipe 1 1 and illustrated to drawing 9 — public funds — it is the 
same composition as the adsorption equation heat pump 10 of the 1st example except having used the group pipe 16. 
heat exchange — public funds — except for the copper pipe 1 8 wearing or really formed In the outside surface in the 
fin 18a having been used for the group pipe 16 — heat exchange — public funds — it manufactured like the group pipe 
11. 

[O034]the adsorption equation heat pump of the 2nd example — existence of the fin 18a — heat exchange — public 
funds — the thermal conductivity of the group pipe 1 6 improved more, and the heat exchanging efficiency of the fixed 
zone 15 and the heat exchanging fluid which flows through the feed hole 13 improved further compared with the 1st 
example. For this reason, although it could not be overemphasized that it had the same effect as the adsorption 
equation heat pump 10 of the 1st example by the adsorption equation heat pump of the 2nd example, in connection 
with adsorption and desorption time having been shortened further, one cycle could be performed further in a short 
time. 

[0035]as explained in full detail above, the adsorption equation heat pump of the 2nd invention leaves the space where 
a working fluid can circulate to an adsorption tower — the heat exchange of two or more 1st inventions — public funds 
— the time which one cycle takes became very short by having arranged the group pipe. It cannot be overemphasized 
that it can carry out in various modes in the range which this invention is not limited to the above-mentioned example 
at all. and does not deviate from the meaning of this invention. For example, although the 1st example explained cooling 
mode, it completely has the same composition and operation also about temperature-up mode, and has the effect that 
the time which one cycle takes becomes very short 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDmwingJG lt is an explanatory view showing the adsorption equation heat pump of the 1 st example. 

[Drawing gjt he heat exchange used for the adsorption equation heat pump of the 1st example — public funds — it is 

drawing of longitudinal section of a group pipe. 

PDrawing 3lt he heat exchange used for the 1st example at adsorption equation heat pump — public funds — it is a 
graph which shows the adsorption isotherm of the fixed zone of a group pipe. 

fDrawIng 4ll t is a graph which shows the temperature change to time when an adsorption test is done by the 
adsorption equation heat pump of the 1st example. 

CD rawing 5] It is a graph which shows the temperature change to time when a desorption examination is done by the 
adsorption equation heat pump of the 1st example. 

rD rawing 6ll t is an explanatory view showing the adsorption equation heat pump of the 1st comparative example. 
[Drawing 7ll t is a graph which shows the temperature change to time when an adsorption test is done by the 
adsorption equation heat pump of the 1st comparative example. 

fD rawing Sli t is a graph which shows the temperature change to time when a desorption examination is done by the 
adsorption equation heat pump of the 1 st comparative example* 

drawing 9lt he heat exchange used for the adsorption equation heat pump of the 2nd example — public funds — it is 
drawing of longitudinal section of a group pipe. 

[Prawing 1Q] lt is an explanatory view showing the cooling mode of adsorption equation heat pump. 

[Drawing 11 li t is an explanatory view showing the temperature-up mode of adsorption equation heat pump. 

[Description of Notations] 

1 ... Adsorption tower, 

3 ... An evaporator/condenser, 

5 ... Interconnecting tube, 

10 ... Adsorption equation heat pump. 

11, 1 6 , M Metal tube for heat exchange, 

13 „. Feed hole, 

14 ... Adsorption material, 

15 ... Fixed zone, 

17, 18 ^ Copper pipe, 
18a ...Fin 
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